The phagophore is the chief organelle that is vital for the initiation of the autophagic cascade. Without this structure cells would be unable to degrade defective organelles, clear microbes or remove harmful protein aggregates, all of which result in the onset of disease. This study focuses on incorporating advanced techniques in light and electron microscopy to investigate the organelles which are responsible for supplying membrane to the phagophore during biogenesis.
The phagophore membrane is a poorly defined structure, yet it is pivotal to understanding the process of autophagy. Advancing technologies and fifty years of research are yet to yield conclusive evidence identifying the origin of the lipid source which forms the phagophore membrane, with conflicting ideologies still existing today. The reason for this interest is that unlike most other cellular organelles which undergo proliferation as a result of fusion and fission events such as the mitochondria, phagophores form de novo. In yeast cells, phagophore formation is restricted to a particular area of the cell termed the preautophagosomal structure or phagophore assembly site (PAS) [1], whilst phagophore formation in mammalian cells, is less predictable and phagophores can form anywhere throughout the cytoplasm [2, 3] .
Firstly, our research focuses on integrating correlative light and electron microscopy (CLEM) to identify the phagophore using an antibody directed against LC3 which a well-established marker for autophagosomal membranes. Once we have accurately identified the phagophores at the light microscope level, we then carry out electron tomography (ET) and serial block-face SEM (3VIEW) to study phagophore biogenesis. This method allows for three-dimensional sampling of the whole cell volume which provides information about the spatial distribution of phagophores within cells and their close relation to other organelles. Electron tomography is an invaluable tool for studying short lived ultrastructural events which occur between two membranes. This method is ideal to study phagophore biogenesis whereby lipids which contribute to phagophore formation are derived from pre-existing cytoplasmic organelles. The high resolution three-dimensional images obtained via electron tomography are yielding critical data about the origin of the phagophore which otherwise have gone completely undetected when using other investigative approaches. The use of this method has reported contacts between the phagophore membrane and the endoplasmic reticulum, the ER exit site, Golgi complex as well as mitochondria and lysosomes.
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